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Evolutionary game theory, a successful combination of game theory and biology as a 
common mathematical framework, plays an important role in understanding the emergence of 
cooperation in the context of Darwinian evolution. It has been extended to the cooperation 
found in some phenomena existing in many different fields of natural and social sciences.  
 
Meanwhile, many natural and artificial systems in the real world can be described as 
complex networks. Since most topological structures of complex networks were found to 
show a small-world or a scale-free feature, complex networks have attracted growing interest 
among the physical community.  
 
Here, in this paper, using evolutionary game theory and complex networks, we 
incorporate the topological structure of individuals into the study of cooperation behaviors, by 
adopting the prisoner’s dilemma game as metaphors of cooperation between unrelated 
individuals, under the assumption that individuals on scale free networks only play games 
with their neighbors. It is found that cooperation behaviors not only depend on the strategy 
taken by players but also depends on the topological structure of the network. The smaller the 
average degree is, the easier it is to promote cooperation through natural selection. 
Cooperation on scale free networks built upon big clustering coefficients is enhanced and 
maintained at a high level. The introduction of punishment strategy for unsatisfied agents also 
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20 世纪 90 年代以来，以 Internet 为代表的信息技术的迅猛发展使人类社会大步迈























































用图论的语言来描述，一个网络可以抽象为一个由节点的集合V 和边集 E 组成的图

































到了 19 世纪 50 年代末，Erdös 和 Rényi[5]开始研究一种新的网络模型，称为随机图模
型。在随机图中，两个节点之间连边与否不再是确定的事情，而是根据某个概率决定。





阶段的到来。1998 年 6 月，美国康奈尔(Cornell)大学理论和应用力学系的博士生 Watts
及其导师、非线性动力学专家 Strogatz 教授在 Nature 杂志上发表了题为《“小世界”网
络的集体动力学》(Collective Dynamics of ‘Small-World’ Networks)的文章[6]；1999 年，









































资料来源：Christoph Hauert & Michael Doebeli Spatial structure often inhibits the evolution of cooperation 



















如下：给定网络节点总数 N ，网络中任意两个节点以 p 的概率连线（图1.2）。ER随机图






资料来源：Hisashi Ohtsuki, Christoph Hauert, Erez Lieberman & Martin A. Nowak. A simple rule for the 

































(1) 从规则网络开始：给定一个含有 N 个节点的一维环状有限规则网络，其中每个
节点都与它 近邻的 2K m= 个节点相连。 
(2) 随机化重连：以概率 p 随机地重新连接网络中的每个边，即将边的其中一个端
点保持不变，而另一个端点取为网络中随机选择的一个节点。在随机化重连的过程中应
该保证没有重边和自环。 
在WS模型中， 0p = 对应于完全规则的网络， 1p = 对应于完全随机的网络，通过调




但小世界网络的度分布仍然是均匀的分布，类似于随机网络，在平均值 k< > 处有一个
峰值，在峰值两边快速衰减。在这样的网络中，节点的度分布集中在平均值附近，不存
在度大小远离平均值的节点。然而，近年来的实证研究发现，多数大规模真实网络的度
分布都是呈 ( )P k k γ−∝ 的幂率分布，在这样的网络中，大部分节点的度都很小，但也有 
图1.3 WS小世界网络模型 

































节点，新节点连接到m （ 0m m≤ ）个已存在的节点上。 
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